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a b s t r a c t
This paper investigatesmaintenance policy and length of extendedwarranty for repairable
products from the seller’s viewpoint. When the product failed within the base and
extended warranty periods, product failures are rectified using minimal repair. To reduce
the number of product failures, the seller performs imperfect preventive maintenance
(PM) actions when the age of the product reaches a controlled-limit within the base
and extended warranty periods. After the base warranty period expires, the seller gives
a discount of purchasing extended warranty expense if the consumer purchases the
extendedwarranty for products. Under thismaintenance scheme, themathematicalmodel
of profit is constructed and then the optimal controlled-limit, the number and degree of
PM and the length of extended warranty are obtained such that the expected total profit is
maximized for the seller. Finally, numerical examples are given to illustrate the influences
of the optimal length of the extended warranty and the maintenance policy for profit
model.
© 2011 Published by Elsevier Ltd
1. Introduction
For repairable products, the product warranty andmaintenance service are important items of a new product marketing
and sales. In general, a new product is sold with a base warranty period and life cycle. Within the base warranty period, the
seller offers a free repair service when the product fails. After the base warranty period expires, any failure of the product
incurs a repair cost to the consumer. Therefore, an extended warranty of the product is becoming increasingly popular
both among sellers and consumers. Afterwards base and extended warranty policies of the product have been extensively
discussed in the literature [1–7].
In general, two types of maintenance actions are considered within the base and extended warranty periods, that is,
corrective maintenance (CM) and preventive maintenance (PM). CM actions are used to rectify the failed product back to
its operational state, whereas PM actions are performed to improve the operational state of the product to avoid failures. In
the CM aspect, minimal repair is the commonly used CM action and is most often used to restore a failed product [8–12].
However, afterminimal repair, the product is under normal operation but the failure rate of the product remains unchanged.
PM actions are usually used to reduce the number of product failures and are classified into two major categories: (i)
perfect PM and (ii) imperfect PM [13–15]. The twomethods for describing the degree of a PM are failure-rate reduction and
age-reduction methods. Pongpech andMurthy [16] adopted the failure-rate reduction method to describe the degree of PM
and derived the optimal PM policy for repairable leased equipment. Various issues associated with failure-rate reduction
method can be found in the literatures [17,18]. Yeh and Lo [19] used the age-reductionmethod of PM to constructmodel and
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Fig. 1. Age-reduction of PM scheme within the warranty period.
derived the optimal preventive-maintenance warranty policy for repairable products. Wang [20] compared various existing
maintenance policies for both single-unit andmulti-unit systems.WuandZuo [21] categorized PMmodels into three classes:
linear, nonlinear, and a hybrid of both. Then, they derived the statistical properties for PM models and gave approaches to
optimizing the PM policy. Since then, PM policies have been widely adopted in the research of product warranty.
In this paper, we adopt an age-reductionmethod to describe the degree of PM and derive the optimal length of extended
warranty for the product and the corresponding optimalmaintenance policy such that the expected total profit ismaximized
within the life cycle of the product from the seller’s viewpoint. The remainder of this paper is organized as follows. The
mathematical formulation is illustrated in Section 2. The optimalmaintenance policy and length of extendedwarranty under
some reasonable conditions is obtained and an effective algorithm is provided in Section 3. In Section 4, the performance of
the length of extendedwarranty andmaintenance policy are evaluated and illustrated through numerical examples. Finally,
some conclusions are described in Section 5.
2. Mathematical formulation
We use the following mathematical notations to propose the model in this paper:
V The selling price of a new product
td Life cycle of a new product
tbw Base warranty period of a new product
L A fixed time length unit of extended warranty; (L > 0)
k Number of extended warranty periods of a fixed time length unit L
tew Extended warranty period of a new product, where tew = tbw + kL
H Purchasing extended warranty expense of a fixed time length unit L
Z Expected repair income for each failure after the warranty period (tew)
r(t) Failure rate function of a new product
R(t) Cumulative failure rate function of a new product
Cm Minimal repair cost
τ Pre-specified time limit for carrying out a minimal repair
θ Controlled-limit of age for performing a PM action
x Maintenance degree of a PM action
Cp(x) PM cost function with maintenance degree x
n Total number of PM actions within base warranty period (0, tbw]
m Total number of PM actions within extended warranty period (tbw, tew]
Ti Time epoch of performing the i-th PM action
φ The discount rate of purchasing extended warranty expense; (0 ≤ φ ≤ 1)
E[TC] Expected total disbursement cost within the life cycle of a new product
E[TR] Expected total income within the life cycle of a new product
E[TP] Expected total profit within the life cycle of a new product
Consider a new product is sold with a base warranty period tbw and the life cycle td. Fig. 1 shows three phases of
maintenance policy within the life cycle. Assume that the base and extended warranty periods are (0, tbw] and (tbw, tew],
where tew = tbw + kL, k = 0, 1, 2, . . . , respectively. L is a fixed time length unit of extended warranty period and k is the
number of purchasing extended warranty period by the consumer. Within the life cycle of the product, the failed product is
repaired using minimal repair by the seller and the minimal repair time required is less than or equal to pre-specified time
limit τ .
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In Fig. 1, when the age of the product reaches a controlled-limit θ over the warranty period (0, tbw + kL), an imperfect
PM action with the same degree x is performed. Ti, i = 1, 2, . . . , n, n + 1, . . . , n + m is the time epochs for carrying
out these PM actions. Therefore, the equation T1 = θ can be obtained. n and m represent the number of PM actions
during the base warranty period tbw and extended warranty period kL, respectively. In addition, the boundary conditions
x ≤ θ ≤ min{tbw, kL} and max{(tbw − θ)/n, (kL− θ)/m} ≤ x ≤ min{tbw, kL} can be obtained. From Fig. 1, the equation is
Ti = Ti−1 + x, i = 1, 2, . . . , n + m. This result implies that Ti = T1 + (i − 1)x, i = 1, 2, . . . , n + m. Substituting T1 = θ
into Ti = T1 + (i− 1)x, the equation can be rewritten as Ti = θ + (i− 1)x, i = 1, 2, . . . , n+m.
2.1. Repair cost to seller
Let r(t) be the failure rate of the product with r(0) = 0. The expected total number of failures within the interval [0, t] is
R(t) =  t0 r(u) du. Since product failures are rectified usingminimal repairs, the failure process of the product in the interval[Ti, Ti+1] is a non-homogeneous Poisson processwith intensity r(t−ix). When the product failedwithin thewarranty period
(0, tbw+kL], each failure incurs a fixedminimal repair cost Cm > 0 to the seller. From Fig. 1, since the expected total numbers
of failures are
∑n−1
i=0
 Ti+1
Ti
r(t − ix)dt +  tbwTn r(t − nx)dt , where T0 = 0 and T1 = θ within the base warranty period (0, tbw]
and
 Tn+1
tbw
r(t − nx)dt +∑mi=1  Tn+i+1Tn+i r(t − (n+ i)x)dt , where Tn+m+1 = tew and tew = tbw + kL, k = 0, 1, 2, . . .within the
extended warranty period (tbw, tew], the repair cost of the product over the warranty period (0, tew) is
Cm

n−1
i=0
∫ Ti+1
Ti
r(t − ix)dt +
∫ tbw
Tn
r(t − nx)dt +
∫ Tn+1
tbw
r(t − nx)dt +
m−
i=1
∫ Tn+i+1
Tn+i
r(t − (n+ i)x)dt

= Cm{(n+m)[R(θ)− R(θ − x)] + R(tbw + kL− (n+m)x)}. (1)
After the extended warranty period expires, the repair cost of the product is
Cm
∫ td
tbw+kL
r(t − (n+m)x)dt = Cm{R(td − (n+m)x)− R(tbw + kL− (n+m)x)}. (2)
Consequently, the total repair cost over the life cycle of the product (0, td) is the sum of Eqs. (1) and (2) and is given by
Cm{(n+m)[R(θ)− R(θ − x)] + R(td − (n+m)x)}. (3)
2.2. PM cost to seller
To reduce the number of product failures, when the age of the product reaches a controlled-limit θ over the warranty
period (0, tbw + kL), an imperfect PM action with the same degree x is performed by the seller. After an imperfect PM
action is carried out, the age of the product becomes less than before by x units of time and each PM cost is Cp(x) to the
seller. Usually, Cp(x) is a non-negative and non-decreasing function of maintenance degree x, i.e., Cp(x) ≥ 0 and C ′p(x) ≥ 0
for all x ≥ 0. Assuming that the time required for performing an imperfect PM is negligible. From Fig. 1, since the PM
actions are performed at time epochs Ti, i = 1, 2, . . . , n + m, PM costs within the base and extended warranty periods
are
∑n
i=0 Cp(x) = nCp(x) and
∑m
i=0 Cp(x) = mCp(x), respectively. As a result, the total PM cost over the warranty period
(0, tbw + kL) is
n−
i=0
Cp(x)+
m−
i=0
Cp(x) = (n+m)Cp(x). (4)
Combining the repair and PM costs (i.e. the sum of Eqs. (3) and (4)) yield the expected total disbursement cost over the
life cycle of the product (0, td) given by
E[TC] = Cm{(n+m)[R(θ)− R(θ − x)] + R(td − (n+m)x)} + (n+m)Cp(x). (5)
2.3. Expected total profit to seller
Suppose that the selling price of the product isV . After the basewarranty period expires, the seller gives a special discount
φ of purchasing extended warranty expense H if the consumer purchases the extended warranty for the product. In this
case, if the consumer purchases the length kL of extended warranty, then the seller’s income is H(1−φk)/(1−φ). After the
extendedwarranty period expires, the consumermust pay repair cost Z to the seller when the product failed. Since expected
total numbers of failures within (tbw + kL, td) are
 td
tbw+kL r(t − (n+m)x)dt , the seller’s income is
Z
∫ td
tbw+kL
r(t − (n+m)x)dt = Z{R(td − (n+m)x)− R(tbw + kL− (n+m)x)}. (6)
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As a result, the expected total income over the life cycle of the product (0, td) for the seller is given by
E[TR] = V + H

1− φk
1− φ

+ Z{R(td − (n+m)x)− R(tbw + kL− (n+m)x)}. (7)
Combining the expected total disbursement cost and income yields the expected total profit within the life cycle of the
product, which is
E[TP] = E[TR] − E[TC]
= V + H

1− φk
1− φ

+ (Z − Cm){R(td − (n+m)x)− R(tbw + kL− (n+m)x)}
− Cm{(n+m)[R(θ)− R(θ − x)] + R(tbw + kL− (n+m)x)} − (n+m)Cp(x). (8)
3. Optimal policy
Based on the objective function equation (8), our objective is to find an optimal maintenance policy (n∗,m∗, x∗, θ∗)
and number of extended warranty period k∗ such that the expected total profit in Eq. (8) is maximized. To investigate the
properties of the optimal maintenance policy and number of extended warranty period, we first take the first and second
partial derivatives of Eq. (8) with respect to k, we have
∂E[TP]
∂k
= −Hφ
k lnφ
1− φ − ZLr(tbw + kL− (n+m)x) (9)
and
∂2E[TP]
∂k2
= −
[
Hφk(lnφ)2
1− φ + ZL
2r ′(tbw + kL− (n+m)x)
]
. (10)
Observing Eqs. (9) and (10), the following theorem holds.
Theorem 1. Given any n,m, x, θ > 0 when r ′(t) > 0, ∀t > 0, the following results hold.
(i) If ZLr(tbw − (n+m)x)+ H lnφ1−φ > 0, then k∗ = 0.
(ii) If ZLr(td − (n+m)x)+ Hφ
td−tbw
L lnφ
1−φ < 0, then k
∗ = td−tbwL .
(iii) If min

Hφ
td−tbw
L lnφ
1−φ ,−ZLr(td − (n+m)x)

> max

H lnφ
1−φ ,−ZLr(tbw − (n+m)x)

, then there exists a unique solution
k∗ ∈ (0, td−tbwL ) such that Eq. (9) equals zero.
Proof. When r ′(t) > 0 for all t > 0, we have ∂2E[TP]/∂k2 < 0. This implies that ∂E[TP]/∂k is a decreasing function of k.
Substituting k = 0 and k = (td− tbw)/L into Eq. (9), we have ∂E[TP]/∂k|k=0 = −[H lnφ/(1−φ)+ZLr(tbw− (n+m)x)] and
∂E[TP]/∂k|k=(td−tbw)/L = −[Hφ(td−tbw)/L lnφ/(1− φ)+ ZLr(td − (n+ m)x)]. It is clear that the discount rate is 0 ≤ φ ≤ 1.
Therefore, the boundary condition H lnφ/(1− φ) < Hφ(td−tbw)/L lnφ/(1− φ) < 0 holds. When r ′(t) > 0 for all t > 0, r(t)
is increasing and then boundary condition is 0 < ZLr(tbw− (n+m)x) < ZLr(td− (n+m)x). Since ∂E[TP]/∂k is a decreasing
function of k, the following results hold.
(i) If ZLr(tbw− (n+m)x)+H lnφ/(1−φ) > 0, then ∂E[TP]/∂k|k=0 < 0 and ∂E[TP]/∂k|k=(td−tbw)/L < 0. This implies that
∂E[TP]/∂k < 0 and then E[TP] is a decreasing function of k. Therefore, the optimal number of extended warranty period is
k∗ = 0. (ii) If ZLr(td − (n+ m)x)+ Hφ(td−tbw)/L lnφ/(1− φ) < 0, then ∂E[TP]/∂k|k=0 > 0 and ∂E[TP]/∂k|k=(td−tbw)/L > 0.
This implies that ∂E[TP]/∂k > 0 and then E[TP] is an increasing function of k. Therefore, the optimal number of
the extended warranty period is k∗ = (td − tbw)/L. (iii) If min

Hφ(td−tbw)/L lnφ/(1− φ),−ZLr(td − (n+m)x)

>
max {H lnφ/(1− φ),−ZLr(tbw − (n+m)x)}, then ∂E[TP]/∂k|k=0 > 0 and ∂E[TP]/∂k|k=(td−tbw)/L < 0. Since ∂E[TP]/∂k is a
decreasing function of k, ∂E[TP]/∂k changes its sign exactly once from positive to negative in the interval (0, (td − tbw)/L).
Therefore, there exists a unique solution k∗ such that ∂E[TP]/∂k|k=k∗ = 0. 
Theorem 1 shows that the optimal number of extended warranty period k∗ is unique when r ′(t) > 0, ∀t > 0.
Substituting k∗ into Eq. (8), the expected total profit can be rewritten as
E[TP] = V + H

1− φk∗
1− φ

+ (Z − Cm){R(td − (n+m)x)− R(tbw + k∗L− (n+m)x)}
− Cm{(n+m)[R(θ)− R(θ − x)] + R(tbw + k∗L− (n+m)x)} − (n+m)Cp(x). (11)
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Taking the first partial derivative of Eq. (11) with respect to θ , we have
∂E[TP]
∂θ
= −Cm(n+m) [r(θ)− r(θ − x)] . (12)
Based on Eq. (12), the following theorem shows that the controlled-limit and the PM degree are the same.
Theorem 2. Given any n,m, x > 0, when r ′(t) > 0, ∀t > 0, the optimal controlled-limit is θ∗ = x.
Proof. Given any n,m, x > 0, when r ′(t) > 0 for all t > 0, r(t) is increasing. Since r(t) is an increasing function in t , we
have ∂E[TP]/∂θ < 0 in Eq. (12). This implies that E[TP] is a decreasing function of θ . Hence, under the boundary condition
x ≤ θ ≤ min{tbw, k∗L}, the optimal controlled-limit is θ∗ = x. 
Substituting the result of Theorem 2 into the boundary condition max{(tbw − θ)/n, (k∗L − θ)/m} ≤ x ≤ min{tbw, k∗L}
and Eq. (11), the boundary condition becomes max{tbw/(n+ 1), k∗L/(m+ 1)} ≤ x ≤ min{tbw, k∗L} and the expected total
profit can be rewritten as
E[TP] = V + H

1− φk∗
1− φ

+ (Z − Cm){R(td − (n+m)x)− R(tbw + k∗L− (n+m)x)}
− Cm{(n+m)R(x)+ R(tbw + k∗L− (n+m)x)} − (n+m)Cp(x). (13)
Now, there are three decision variables n,m and x in Eq. (13) to be determined. Taking the first partial derivative of
Eq. (13) with respect to x, we have
∂E[TP]
∂x
= −(n+m)(Z − Cm){[r(td − (n+m)x)− r(tbw + k∗L− (n+m)x)]}
− (n+m)Cm{[r(x)− r(tbw + k∗L− (n+m)x)] + C ′p(x)}. (14)
Observing Eq. (14), the following theorem holds.
Theorem 3. Given any n,m > 0, when r ′(t) > 0, ∀t > 0 and C ′p(x) ≥ 0, ∀x > 0, the optimal PM degree is
x∗ = max{ tbwn+1 , k
∗L
m+1 }.
Proof. When r ′(t) > 0 for all t > 0, r(t) is increasing. Since the boundary condition is tbw + k∗L ≤ (n+ m+ 1)x and r(t)
is increasing, we have r(tbw + k∗L − (n + m)x) ≤ r(x). When C ′p(x) ≥ 0 for all x > 0, we have ∂E[TP]/∂x < 0 in Eq. (14),
which means, E[TP] is a decreasing function of x. Since the boundary condition is max{tbw/(n + 1), k∗L/(m + 1)} ≤ x ≤
min{tbw, k∗L}, the optimal PM degree is x∗ = max{tbw/(n+ 1), k∗L/(m+ 1)}. 
Substituting x∗ = max{tbw/(n+ 1), k∗L/(m+ 1)} into Eq. (13), the expected total profit becomes
E[TP] = V + H

1− φk∗
1− φ

+ (Z − Cm){R(td − (n+m)x∗)− R(tbw + k∗L− (n+m)x∗)}
− Cm{(n+m)R(x∗)+ R(tbw + k∗L− (n+m)x∗)} − (n+m)Cp(x∗). (15)
Finally, the rest of the decision variables in Eq. (15) are n and m. Recall that the time required for performing a minimal
repair should not exceed pre-specified time limit τ . Therefore, we have the boundary conditions 0 ≤ nτ ≤ tbw and
0 ≤ mτ ≤ k∗L. The trivial upper bounds of n and m are tbw/τ and k∗L/τ , respectively. Using these upper bounds, we
can easily search for the optimal n∗ in the interval [0, tbw/τ ] and m∗ in the interval [0, k∗L/τ ] because n and m are both
integers. Thus, the optimal maintenance policy (n∗,m∗, x∗, θ∗) and number of extendedwarranty period k∗ can be obtained
by the following algorithm.
Algorithm
Step 1. Set k = 1,max E[TP] = 0 and compute k¯ = (td − tbw)/L, n¯ = td/τ .
Step 2. Set n = 1 and compute m¯ = kL/τ .
Step 3. Setm = 1.
Step 4. Compute θ = x = max{tbw/(n+ 1), kL/(m+ 1)} and
E[TP] = V + H

1− φk
1− φ

+ (Z − Cm){R(td − (n+m)x)− R(tbw + kL− (n+m)x)}
− Cm{(n+m)R(x)+ R(tbw + kL− (n+m)x)} − (n+m)Cp(x).
Step 5. If max E[TP] < E[TP] then set (k∗, n∗,m∗, x∗, θ∗) = (k, n,m, x, θ),
max E[TP] = E[TP], andm = m+ 1. Otherwise, setm = m+ 1.
Ifm > m¯ then go to Step 6. Otherwise, go to Step 4.
Step 6. Set n = n+ 1. If n > n¯ then go to Step 7. Otherwise, go to Step 3.
Step 7. Set k = k+ 1. If k > k¯ then go to stop. Otherwise, go to Step 2.
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Table 1
Optimal policy (n∗,m∗, x∗, θ∗) and number of extended warranty period k∗ .
φ = 0.8 φ = 0.85 φ = 0.9
b k∗ n∗ m∗ θ∗ = x∗ max E[TP] k∗ n∗ m∗ θ∗ = x∗ max E[TP] k∗ n∗ m∗ θ∗ = x∗ max E[TP]
β = 1.5
0 13 6 4 2.60 5675 18 7 7 2.30 6972 29 7 12 2.23 9611
10 12 6 4 2.40 5421 17 6 6 2.43 6666 27 7 11 2.25 9196
30 11 6 1 2.60 4991 15 4 5 2.50 6138 24 5 9 2.40 8462
50 10 2 3 2.50 4686 14 2 5 2.33 5747 21 2 8 2.33 7886
70 9 1 3 2.30 4486 13 1 4 2.60 5475 20 6 1 2.57 7480
90 9 1 3 2.30 4306 12 1 4 2.40 5228 20 6 1 2.57 7120
β = 2
0 13 6 4 2.40 6228 18 6 6 2.57 7487 30 8 14 2.00 10196
10 12 6 3 2.57 5993 17 6 6 2.43 7190 29 7 12 2.23 9766
30 10 6 1 2.57 5581 14 5 5 2.33 6667 25 6 8 2.57 8969
50 9 4 3 2.25 5234 13 6 2 2.57 6227 22 6 6 2.57 8307
70 9 3 3 2.25 4948 12 3 4 2.40 5858 19 6 4 2.57 7750
90 8 2 2 2.67 4722 11 2 3 2.75 5552 17 6 2 2.57 7279
β = 2.5
0 8 4 2 2.67 6902 14 5 3 3.00 7893 30 6 11 2.50 10488
10 8 4 2 2.67 6742 12 6 2 2.57 7666 30 6 11 2.50 10063
30 8 3 2 2.67 6473 11 6 1 2.57 7281 24 5 8 2.67 9262
50 7 3 2 2.33 6236 10 3 3 2.50 6952 19 4 6 2.71 8649
70 6 2 1 3.00 6045 9 2 2 3.00 6669 17 6 3 2.57 8147
90 6 2 2 2.00 5870 8 2 2 2.67 6442 14 6 1 2.57 7732
4. Numerical example
Assume that the lifetime distribution of the product follows a two-parameterWeibull distributionwith scale parameterα
and shape parameter β . According to definition of a failure rate function, the failure rate function of theWeibull distribution
is r(t) = λβ(λt)β−1, where α > 0 and β > 1 (i.e. r(t) is increasing). The cost of performing a PM action with maintenance
degree x is Cp(x) = 30+ bx ($). The following values are considered for the model parameters.
V = 1800($) tbw = 18(months) td = 48(months) L = 1(month)
H = 1000($) Cm = 500($) Z = 600($) τ = 1(day)
φ = 0.8, 0.85, 0.9 λ = 0.1 β = 1.5, 2, 2.5 b = 0, 10, 30, 50, 70, 90($).
Table 1 summarizes the properties of the optimal number of extended warranty period k∗ and maintenance policy
(n∗,m∗, x∗, θ∗) with λ = 0.1. For example, when (β, φ, b) = (1.5, 0.8, 50), the optimal number of extended warranty
period is k∗ = 10, the optimal PM policy is (n∗,m∗, x∗, θ∗) = (2, 3, 2.5, 2.5) and maximum profit is max E[TP] = 4686($).
This means that the optimal number of PM are n∗ = 2 and m∗ = 3 within the base and extended warranty periods,
respectively. Under this optimal policy, PM actions with degree 2.5 are performed at the time epochs T1 ≈ 2.5, T2 ≈ 5
within the base warranty period and T1 ≈ 20.5, T2 ≈ 23, T3 ≈ 25.5 within the extended warranty period. Furthermore,
from Table 1, we have the following results.
1. When the marginal PM cost b increases, the number of extended warranty period k, maximum profit E[TP] and total
number n+m of PM decrease.
2. Under β ≥ 2, when β increases, the number of extended warranty period decreases, but maximum profit increases.
3. When the discount rate φ increases, the number of extended warranty period, maximum profit and total number n+m
of PM increase.
5. Conclusions
In this paper, we investigated the optimal length of extended warranty for the product and the corresponding optimal
maintenance policy such that the expected total profit is maximized for the seller within the life cycle of the product. From
the results of numerical example, when themarginal PM cost increases, the number of extendedwarranty period,maximum
profit and total number of PM decreases. However, when the discount rate increases, the number of extended warranty
period, maximum profit and total number of PM increases. In general, the length of extendedwarranty is determined by the
consumer. Therefore, when the length of extended warranty period is known, the seller draws up the optimal maintenance
policy to earn the maximum profit. Furthermore, some topics for future research are illustrated briefly as follows.
• In the current model, we have assumed that a new product is sold with a base warranty period. Within the warranty
period, the failed product is repaired using minimal repair. We can modify the model that the product is sold with using
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a free-replacement renewing warranty or non-renewing warranty. Further, the advantages and defects of the current
model and modified model are compared.
• For the buyer’s viewpoint, under the productwith residual value, the optimal number of extendedwarranty periodwithin
the life cycle of the product such that the expected total disbursement cost is minimized.
• Consider that PM actions are performed with a different degree xi, i.e., PM cost is a function of xi and finds the optimal
maintenance policy such that the expected total profit is maximized.
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